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0 Porous carbonaceous material and a method for producing the same. 



0 A slurry containing a precursor fiber convertible to carbon fiber and/or a carbon fiber and a thermosetting 
resin is processed into a random web. The web is hot-pressed between a pair of belts while curing of the resin 
is inhibited to prepare a prepreg sheet. The sheet is disposed, leaving a clearance, in a mold having ribs on a 
molding surface and heated over the melting point of the resin for expansion and complete cure to provide a 
porous composite sheet quipped with grooves. This porous composite sheet is carbonized or graphitized to 
produce a porous carbonac ous material for us as a fuel cell electrode mat rial and so on. This porous 
carbonaceous material has high homog n ity, gas permeability, lectrical conductivity, heat conductivity and 
mechanical strength. 
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Th pr sent invention relat s to a porous carbonaceous mat rial which can be used in th manufactur 
of electrodes for th phosphoric acid electrolyte fuel cells, I ctromagnetic shields, electrically conductive 
sh ts, carbonaceous cushioning materials, high-t mperatur vacuum fumac r fractory wall or insulating 
wall materials, etc., a m thod for producing a porous composit sh et useful for th production of the 

5 porous carbonaceous material, and a method for producing the porous carbonaceous material. 

Because of their good heat resistance, corrosion resistance, electrical conductivity and mechanical 
strength, carbonaceous materials are in broad use as fuel cell electrode materials, electromagnetic shielding 
materials and so on. Among carbonaceous materials, materials in the film or sheet form, such as graphite 
sheets, can be bonded to, for example, a wall surface to impart heat resistance, corrosion resistance and 

io electromagnetic shielding properties. 

However, since a graphite sheet is generally produced by a method which comprises subjecting 
naturally-occurring graphite serially to acid treatment and heat treatment, mixing the thus-treated graphite 
with a binder, and compression-molding the mixture into a film or sheet, it is not only non-porous but also is 
fairly low in electrical conductivity, heat conductivity, mechanical strength and cushioning characteristics, 

75 * thus being seriously restricted in application. 

Meanwhile, a carbon plate can be produced by a process which comprises mixing a textile fiber which 
can be carbonized or graphrtized and/or a carbon fiber with a particulate binder which can be carbonized or 
graphrtized, forming the mixture into a plate under the application of heat and pressure and subjecting the 
plate to carbonization or graphitization. This kind of carbon plate can be used as, for example, a fuel cell 

20 electrode material. 

Unlike other kinds of power generating devices, the fuel cell mentioned above is characterized in that 
the evolution of pollutants such as SOx, NOx and dust is minimal and, moreover, in that it is scarcely a 
source of noise. Among the known types of fuel cells, the phosphoric acid electrolyte fuel cell comprises a 
stack of separator-isolated unit cells each comprising a porous negative electrode and a porous positive 

25 electrode as disposed on respective sides of the electrolyte. For the provision of gas passageways, usually 
the surfaces of the negative and positive electrodes are formed with grooves by machining. 

For an improved efficiency of conversion to electric energy, the negative and positive electrodes should 
provide for free control of pore distribution and be high in gas permeability. Further requirements are good 
electrical conductivity, heat conductivity, mechanical strength, and resistance to phosphoric acids at the 

30 operating temperature. 

Japanese Patent Publication No. 36670/1989 (JP-B-1 -36670) discloses a method for manufacturing a 
fuel cell electrode plate which comprises dry-mixing a binder, such as a phenolic resin, a carbon fiber and a 
particulate thermoplastic resin, molding the mixture into a sheet under pressure by means of a hot roll or a 
hot press and subjecting the sheet to carbonization or graphitization. 

35 However, this method has the disadvantage that because the carbon fiber which is fibrous cannot be 
uniformly blended with the binder and the thermoplastic resin which are particulate, a segregation tends to 
occur among the carbon fiber and the binder and the thermoplastic resin in dry-mixing stage and the 
segregated binder and thermoplastic resin tend to agglomerate in the course of pressure-molding of the 
particulate composition to reduce the homogeneity of the molding. Furthermore, the segregated thermoplas- 

40 tic resin is re-softened in the carbonization or graphitization stage. The above segregation of the binder and 
the thermoplastic resin and softening of the thermoplastic resin in two occasions lower the homogeneity of 
the electrode material. Probably owing to this low homogeneity, the electrode material obtained is not only 
low in heat conductivity but shows local variations in flexural strength, compressive strength and gas 
permeability. Further, the segregation of the binder and the thermoplastic resin results in a non-uniformity of 

45 pore size distribution of the electrode material. Particularly in the manufacture of electrode plates of 
reduced thickness, it is difficult to obtain uniform pores. 

Japanese Patent Application Laid-open No. 174359/1991 (JP-A-3-1 74359) discloses a method compris- 
ing mixing a carbon fiber with a particulate binder, processing the mixture into a paper-like web, pressure- 
molding the web and subjecting the molding to carbonization or graphitization. This method, however, has 

so the disadvantage that the molding under heat and pressure must be carried out using a low pressure setting 
in order to secure a porosity of 60 to 80%. If the molding is carried out under such low pressure, the 
attainable interfi lament bond strength is so low that the sintered electrode material shows only a low flexural 
strength, i.e. 1 kgf/mm 2 at most, and low compr ssive strength, i.e. 0.4 kgf/mm 2 at most, thus failing to meet 
th performance requir m nts of lectrod s for phosphoric acid electrolyt fu I cells. Mor ov r, such 

55 electrod material has a high volume r sistivity in thickness direction and a low h at conductivity .(1 
kgf/mm 2 ^ 98 bar) 

Japan s Pat nt Application Laid-open No. 76821/1991 (JP-A-3-76821 ) disclos s a m thod for manu- 
facturing an lectrode material which comprises mixing an organic pr cursor fiber conv rtibl to carbon 
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fiber with a pulp, an organic polymer as a binder, tc, proc ssing th mixtur into a paper-like web, and 
sint ring the web to provide an electrode mat rial. However, the carbonization yield (residual carbon rate) of 
th organic fiber is as low as 10 to 30%. Th r for , the resulting electrode mat rial shows a consid rabl 
shrinkag as compared with a corr sponding molded material and assuming that an lectrod plat 
5 measuring 1-3 mm in thickness and 1 m 2 is manufactured, it undergoes cracking, curling or twisting and, 
hence, no sufficient uniformity can be expected. Moreover, since the rate of shrinkage in thickness direction 
is high, local variations in gas permeability and volume resistivity are inevitable, thus failing to ensure a 
sufficient homogeneity. 

In addition, machining is required for forming grooves on the surface of the electrode materials 
/o manufactured by the above-mentioned prior art methods. Therefore, the production process for electrodes 
is complicated. Moreover, since carbonaceous electrode plates are hard, groove-shaped gas passageways 
can hardly be formed with high efficiency and high accuracy and, moreover, the possible incidence of 
cracks in the electrode material due to machining detracts from the production efficiency of electrodes. 
Meanwhile, in order to realize reductions in weight of carbonaceous materials, it is instrumental to 
75 increase their porosity but a reduction in weight is reflected in an amplified decrease in mechanical 
strength. 

Referring to a porous composite sheet, Japanese Patent Publication No. 55618/1992 (JP-B-4-5561 8) 
discloses a low-density fiber-reinforced thermoplastic composite which can be used advantageously as a 
light-weight resin sheet with high flexural strength and flexural rigidity. This composite material can be 

20 obtained by subjecting a compressed fiber-reinforced composite containing a thermoplastic synthetic resin 
and a reinforcing fiber to heat treatment for expansion. Japanese Patent Publication No. 17249/1993 (JP-B- 
5-17249) discloses a method for producing a porous composite sheet of open-cell structure with high 
mechanical characteristics which comprises impregnating a reinforcing web, such as a nonwoven polyester 
fabric, with a specified type of phenolic resin, drying the impregnated web, and curing the phenolic resin 

25 under application of pressure and heat. 

However, none of the prior art literature pay consideration to carbonization or graphitization. Further, 
even if these composites are carbonized or graphitized, not only the carbonization yield is low but also the 
heat conductivity, electrical conductivity and mechanical strength are insufficient, thus being inadequate for 
electrode use. Moreover, the carbonization or graphitization step must be followed by a machining step for 

30 the formation of said groove-shaped gas passageways. 

The primary object of the present invention, therefore, is to provide a porous carbonaceous material 
having high mechanical strength despite light-weight as well as high homogeneity, high heat conductivity 
and high gas permeability and a method for producing such material. 

It is a further object of the present invention to provide a porous carbonaceous material having groove- 

35 shaped gas passageways formed with high accuracy and a method for producing such material. 

It is a still another object of the present invention to provide a porous carbonaceous material having 
high heat conductivity which is of value as an electrode material and a method for producing such material. 

It is a still further object of the present invention to provide a porous carbonaceous material which is 
useful for a fuel cell carbon electrode and a method for producing such materia). 

40 It is another object of the present invention to provide a method by which a porous composite sheet 
which is useful for the production of the porous carbonaceous materials can be easily produced. 

A still further object of the present invention is to provide a method by which a porous composite sheet 
which is useful for the production of a porous carbonaceous material having accurate groove-shaped gas 
passageways can be efficiently produced without processing or machining step. 

45 The inventors of this invention did much research for accomplishing the above-mentioned objects and 
found (1 ) that when a paper-like web contacting a carbon fiber and a thermosetting resin is molded into a 
sheet under application of heat and pressure with the hardening of the resin being suppressed and the thus- 
molded prepreg sheet is heated at a temperature of the melting temperature or more of the resin, the sheet 
expands to become porous on release of internal stress and (2) that when the above sheet is disposed in an 

so internally ribbed mold leaving a clearance from the mold wall and heated in situ, expansion of the sheet 
results in the formation of grooves serving as gas passageways which are complementary to the internal 
geometry of the mold. This invention has been developed on the basis of the above findings. 

Thus, the porous carbonaceous mat rial of the present invention has a compression modulus of not 
I ss than 5.0 kgf/mm 2 , a h at conductivity in thickness direction of not less than 2.0 kcal/m*hr« a gas 

55 permeability of not less than 850 ml»mm/hr»cm 2 *mmAq, and a bulk d nsity of 0.55 to 0.75 g/cm 3 . (1 kcal 
^ 4,1868 kJ) 

In one proc ss of th pres nt inv ntion, a paper-lik w b containing a pr cursor fiber conv rtibl to 
carbon fiber and/or a carbon fiber and a carbonizabl or graphitizabl th rmosetting resin is hot-pr ssed 
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whil curing of th resin is inhibit d and th resulting. pr preg sh t is heated again at a temperatur of the 
m Iting point of the r sin or more for expansion and complet curing of the resin to thereby provid a 
porous composit sh t. In practicing the process, th pr preg sh t may be h at d again without 
application of pr ssur for th expansion and complet curing of th r sin. Alt rnatively, th pr preg sheet 

s may be disposed in a metal mold leaving a clearance and heated again at a temperature of the melting 
point of the resin or more for expansion and complete curing of the resin. As examples of the metal mold 
that can be used, a mold having smooth molding opposed surfaces and a mold having internal ribs on at 
least one molding surface may be mentioned. As a further alternative, the porous composite sheet may be 
produced by hot-pressing the sheet in a mold having grooves on one molding surface while curing of the 

10 thermosetting resin is inhibited, disposing the resulting ribbed sheet, leaving a clearance, in a mold having 
grooves on one molding surface, and heating again the sheet at a temperature of the melting point of the 
resin or more for expansion and complete curing of the resin. 

The above-mentioned web may comprise a precursor fiber convertible to carbon fiber and/or a carbon 
fiber, a thermosetting resin and a pitch. The web may further contain a particulate organic substance as a 

is pore-forming agent. 

In a further process of the present invention, the porous composite sheet is carbonized or graphitized to 
produce a porous carbonaceous material. This porous carbonaceous material can be used in a variety of 
applications, for example as a fuel cell electrode material. 

As used throughout this disclosure, the term "complete curing" means that the proportion of the non- 
20 cured resin in the cured thermosettig resin is less than 5% by weight. The term "carbonization" means 
calcination or firing of a carbonizable material at a temperature of, for example, about 450 to 1500'C. The 
term "graphitization" means calcination or firing of a graphitizable material at a temperature of, for example, 
about 1500 to 3000 *C, regardless of whether the product will have the crystal structure of graphite or not. 
The term "carbonization yield" means the percentage of residual carbon after the carbonization or 
25 graphitization of a carbonizable or graphitizable material. 

The term "carbon fiber" means any carbonized or graphitized fiber. The term "flame retardation 
treatment" means a heat treatment of any fiber other than pitch-based fibers which is conducted in the 
presence of oxygen at a temperature of about 200 to 450 * C so as to form a heat-resistant surface layer 
and thereby prevent thermal fusion of its monofilaments. The term "infusiblization" means a heat treatment 
30 of any pitch-based fiber in the presence of oxygen at a temperature of about 200 to 450 • C so as to form a 
heat-resistant surface layer and thereby prevent thermal fusion of its monofilaments. 

Figs. 1A, 1B show a flow diagram illustrating a process for producing a porous composite sheet 
according to the present invention; 

Fig. 2 is a flow diagram illustrating another process for producing a porous composite sheet according to 
35 the present invention; 

Rg. 3 is a schematic cross-section view showing a first mold; 

Fig. 4 is a schematic cross-section view showing a molding process using a second mold; and 
Rg. 5 is a perspective view showing the disassembled construction of a phosphoric acid fuel cell. 
The present invention is now described in detail, where necessary, with reference to the accompanying 
40 drawings. 

The porous carbonaceous material of the present invention is characterized in that it has many 
meritorious properties, even though it is light-weight, not found in the conventional materials of comparable 
weight. This porous carbonaceous material is a porous artifact comprising a carbonized or graphitized 
carbon fiber and a carbonized or graphitized resin component and has the following characteristics. 
45 (1) Compression modulus of elasticity (kgf/mm 2 ): not less than 5.0, preferably not less than 6.0 

(2) Heat conductivity (kcal/m»hr» *C): not less than 2.0, preferably about 3.0 to 10.0 

(3) Gas permeability (ml«mm/hr*cm 2 *mmAq): not less than 850, preferably about 1000 to 4000, and for 
still better results, about 1500 to 3500 

(4) Bulk density (g/cm 3 ): about 0.55 to 0.75, preferably about 0.6 to 0.7 

50 Moreover, the porous carbonaceous material of the present invention shows practically a flexural strength 

(kg/cm 2 ) of not less than 130, preferably about 150 to 400, and a compressive strength (kg/cm 2 ) of not less 

than 50, preferably about 50 to 200. (1 kg/cm 2 ^ 0,98 N/mm 2 ) 

Furthermor , th heat conductivity (kcal/nvhr» # C) of th porous carbonaceous material in thickness 

direction is not less than 2.0, pr ferably about 3.0 to 10.0. 
55 This porous carbonaceous material can be formed in various shapes according to intended uses and is 

practically in th plate form. Furthermore, th plate may be formed with groove-lik , grate-tik or oth r 

rec ss d form d pending on th intended use on at least one surfac th reof. 
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Th proc ss for producing a porous composit sh et as an intermedial useful for the manufacture of 
the porous carbonaceous material of the present invention compris s (A) a heat-pressing step for pressing 
a web into a sheet und r heat and pressur and (B) an expansion-curing st p for causing expansion of th 
sheet and compl t cur of th component resin. 
5 The web mentioned above comprises a precursor fiber convertible to carbon fiber and/or a carbon fiber 
and a carbonizable or graphitizable thermosetting resin. 

The above-mentioned fiber convertible to carbon fiber includes a variety of fibers which can be 
precursors of carbon fiber, for example various organic fibers such as polyacrylonitrile fiber, phenolic resin 
fiber, regenerated cellulose fiber (e.g. rayon, polynosics,*etc.). cellulosic fiber, etc., pitch-based fiber and 
70 rayon pulp. The precursor fiber convertible to carbon fiber may have been subjected to fire retardation 
treatment or infusiblization treatment. More than one species of the precursor fiber convertible to carbon 
fiber can be employed in combination. 

The filament diameter of the precursor fiber convertible to carbon fiber may for example be about 5 to 
150 urn, preferably about 10 to 50 urn; and more preferably about 15 to 45 urn. If the filament diameter is 
75 less than 5 um, the gas permeability of the porous carbonaceous material tends to be decreased. On the 
other hand, if the diameter exceeds 150 um, the pore size of the porous carbonaceous material will be so 
large that when the material is used as the electrode for a phosphoric acid or other electrolyte fuel cell, the 
phosphoric acid or other electrolyte tends to obstruct the pores to reduce the gas permeability of the 
electrode. 

20 The carbonization yield of the precursor fiber convertible to carbon fiber may for example be about 10 
to 50%. Therefore, with the progress of carbonization or graphitization, the fiber not only is converted to a 
carbon fiber acting as a reinforcing agent or material but undergoes a reduction in volume of, for example, 
about 30 to 70% so that interstices are formed in the thermoplastic resin matrix and, hence, the gas 
permeability of the carbonaceous material is improved. 

25 As an example of the carbon fiber mentioned above, a carbon fiber obtained by subjecting the 
precursor fiber convertible to carbon fiber to carbonization or graphitization can be mentioned. The carbon 
fibers may also be used single or in combination. The mean monofilament diameter of carbon fiber may for 
example be about 2 to 100 um, preferably about 5 to 50 um, and more preferably about 5 to 30 um. For 
practical purposes, a carbon fiber with a mean filament diameter of about 10 to 25 um can be employed. If 

30 the filament diameter is less than 2 um, the gas permeability tends to be decreased. On the other hand, if 
the limit of 100 um is exceeded, the pore size of the porous carbonaceous material tends to become too 
great. When the porous carbonaceous material is to be used as an electrode material, the mean pore 
diameter of the material is preferably about 10 to 40 um, typically. 

The carbon fiber not only functions as a reinforcing component for increasing the flexural strength and 

35 compressive strength of the porous carbonaceous material but inhibits contraction of the porous carbona- 
ceous material in the plane direction during carbonization or graphitization. 

As the precursor fiber convertible to carbon fiber or the carbon fiber, generally short staples are 
employed. The filament length of such short staples may for example be about 0.05 to 20 mm (e.g. 0.1 to 
10 mm), preferably about 1 to 10 mm (e.g. 0.5 to 3 mm). The filament length of the carbon fiber contributes 

40 mainly to the flexural strength, electrical conductivity and heat conductivity of the porous carbonaceous 
material. If the monofilament length exceeds 20 mm, the thermal expansion is restrained so that the pore 
size distribution can hardly be controlled. If the monofilament length is less than 0.05 mm, the rate of 
thermal expansion is too small and the strength and other properties tend to be sacrificed. 

The precursor fiber convertible to carbon fiber and the carbon fiber may respectively be used singly but 

45 it is preferable that at least the carbon fiber is included. Moreover, the combined use of a fiber convertible 
to carbon fiber and a carbon fiber results in improved gas permeability and strength. The ratio of the 
precursor fiber convertible to carbon fiber to the carbon fiber can be selected according to the desired 
strength and electrical conductivity of the porous carbonaceous material and may for example be about 
10/90 to 90/10 (weight %), preferably about 25/75 to 75/25 (weight %), and more preferably about 30/70 to 

so 70/30 (weight %). If the proportion of the carbon fiber is smaller than 10 weight %, the porous 
carbonaceous material tends to be low in mechanical strength and show a comparatively great shrinkage. 
On the other hand, if the proportion of the carbon fiber exceeds 90 weight %, the gas permeability of the 
porous carbonaceous material tends to deer ase. 

Th th rmos tting resin which can be carbonized or graphitiz d includ s, for xample, phenojic resin, 

55 furan resin, furfural or furan r sin-modified phenolic resin, and copna resin (obtainabl by th r action of an 
aromatic aldehyd with an aromatic hydrocarbon or an aromatic compound having a hydroxy! group). The 



(* trademark) 
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phenolic r sin includ s th th rmosetting ph nolic r sin obtainabl by reacting a ph nol compound with an 
aldehyd and the thermosetting nitrogen-containing resin obtainable by reacting a ph nol compound with an 
aldehyd and a nitrogen-containing compound. Among such th rmos tting resins, ph nolic r sins ar 
particularly pref rred. Thes th rm s tting r sins may be generally used in a particulate form or in th form 

5 of a dispersion and at least one kind of such resin can be employed. 

The carbonization yield of such thermosetting resin may be about 40 to 75 weight % and preferably 
about 50 to 75 weight % in order to maintain the necessary mechanical strength and to control the porosity 
of the porous carbonaceous material. Incidentally, the carbonization yield of the phenolic resin is generally 
as high as 65 to 75 weight %. 

10 The amount of the thermosetting resin can be selected according to the required strength of the porous 
carbonaceous material and is about 10 to 300 parts by weight (e.g. 15 to 275 parts by weight) and 
preferably about 20 to 250 parts by weight (e.g. 25 to 200 parts by weight) relative to 100 parts by weight 
of the fiber component comprising the precursor fiber and carbon fiber. If the amount of the thermosetting 
resin is less than 10 parts by weight, the mechanical strength of the porous carbonaceous material tends to 

75 decrease. On the other hand, if the limit of 300 parts by weight is exceeded, the gas permeability of the 
carbonaceous material tends to be sacrificed. 

The random web mentioned above may contain a pitch. Inclusion of a pitch contributes a great deal to 
the heat conductivity of the porous carbonaceous material. It appears that in the calcination of the press- 
formed intermediate carbonaceous material, the pitch softens and melts within the matrix to enter into the 

20 clearances or spaces and the evolved gas of decomposition flows down the clearances and channels 
created between the precursor fiber and thermosetting resin to communicate with the external atmosphere, 
thus providing for an open-cell structure. It is also supposed that the pitch component hardens and 
becomes carbonized or graphitized on the internal surfaces of the clearances. Probably for these reasons, 
the resulting porous carbonaceous material is remarkably superior to the pitch-free porous carbonaceous 

25 material in gas permeability, heat conductivity in thickness direction, and electrical conductivity. 

The pitch may be whichever of a petroleum-based pitch or a coal-based pitch. Moreover, any of 
isotropic and anisotropic (mesophase) pitches can be employed. The carbonization yield of the pitch may 
for example be not less than 50 weight % and preferably not less than 70 weight %. If the carbonization 
yield is less than 50 weight %, the heat conductivity of the porous carbonaceous material is hardly 

30 improved. 

Furthermore, the softening point of the pitch may be such that the pitch does not soften or produce 
gases at the softening or curing temperature of the thermosetting resin and is retained within the resin 
matrix. Therefore, the softening point of the pitch can be selected usually from the range of about 150 to 
400 *C depending on the type of thermosetting resin used. In many instances, the softening point of a 
35 useful mesophase pitch is generally about 150 to 400 *C and preferably about 200 to 400* C, while the 
softening point of a useful isotropic pitch is generally about 150 to 350 'C and preferably about 200 to 
325 °C. When the precursor fiber convertible to carbon fiber is employed, generally a pitch having a 
softening point higher than the softening point of the precursor fiber by about 25 to 100°C may be 
employed. 

40 The toluene-insoluble fraction of an isotropic pitch may for example be about 40 to 85 weight % 
(preferably 50 to 80 weight %). The quinoline-insoluble fraction of the isotropic pitch may for example be 
about 10 to 50 weight % (preferably about 20 to 50 weight %), and the acetone-soluble fraction is about 1 
to 25 weight % (preferably 5 to 20 weight %). 

The amount of the pitch may be within the range affording a sufficiently high heat conductivity, namely 

45 about 10 to 300 parts by weight (e.g. 15 to 275 parts by weight), preferably about 20 to 250 parts by weight 
(e.g. 25 to 200 parts by weight), based on 100 parts by weight of the fiber. If the proportion of the pitch is 
less than 10 parts by weight, the porous carbonaceous material tends to be insufficient in heat conductivity, 
porosity, and gas permeability. On the other hand, if the proportion of the pitch exceeds 300 parts by 
weight, the expansion and consequent cracking associated with the gas of decomposition of the pitch tend 

so to occur and the pore size and its distribution tend to become uneven. 

The pitch can be generally used in a particulate form, for example a powder with a particle diameter not 
exceeding 100 urn. If the particle diameter of the pitch exceeds 100 urn, the subsequent calcination or 
firing t nds to produc defects, such as a surface burn or an expanding of the porous carbonaceous 
material. 

55 Th random web m ntioned above may contain an organic granular mat rial. Th organic granular 
material may for example be an organic granular substance with a carbonization yield of not great r than 
30% by weight. If th carbonation yi Id xceeds 30%, it is oft n difficult to produc fine uniform por s or 
control th porosity rat . The softening point of th organic granular material is pr ferably not low r than 
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100 * C and, in many instances, may b lower than the softening point of th pitch by about 25 to 100 * C. 

The organic granular material includes, among others, powders or granules of various synthetic r sins, 
for example th rmosetting r sins, including cured products th reof, such as ph nolic resin, poxy resin, 
unsaturated poly st r r sin, m lamine r sin, diallyl phthalat r sin, ur a r sin, urethan resin, etc., and 

5 powders or granules of thermoplastic resins including of synthetic resins such as polyvinyl acetate, 
ethylene-vinyl acetate copolymer, polyvinyl alcohol, polyvinyl chloride, acrylic polymers, polyesters, nylons*, 
styrenic polymers such as polystyrene, styrene-butadiene copolymer, acrylonitrile-butadiene-styrene 
copolymer, styrene-acrylate copolymer, etc., polycarbonates, polyacetals, etc., and natural resins such as 
rosin and their derivatives. Cpolyamides) 

io Unlike the thermosetting resin described hereinbefore, the carbonization yield of the phenolic resin 
mentioned just above is not greater than 30%. These organic particulate materials can be used singly or in 
combination. 

These organic particulate materials function as pore-forming agents to create pores in the carbonaceous 
material. The organic particulate material is preferably a cured thermosetting resin in the powdery or 

75 granular form. The use of such a particulate cured thermosetting resin permits a critical control of porosity 
rate and pore diameter. Thus, since the particulate cured thermosetting resin does not soften on heating, 
the morphology of the produced pores corresponds to the particle size and amount of the cured resin. 
Therefore, the pore size and its distribution can be easily controlled to provide a carbonaceous material 
having a sharp or a broad pore size distribution. For the same reason, a porous carbonaceous material of 

20 good homogeneity, high electrical conductivity and high mechanical strength can be obtained. 

Furthermore, since the particulate cured resin does not soften in the course of molding under heat and 
pressure, neither curling nor expansion occurs on release from the mold even if it is less than 1 mm thick 
and fairly large in area, thus providing for the production of a porous carbonaceous material with good 
uniformity and dimensional stability. Moreover, since the pore-forming agent does not resoften in carboniza- 

25 tion or graphitization, the porous carbonaceous material does not undergo curling, expansion or cracking so 
that the production yield is high. 

The still preferred organic particulate material includes pitch-containing organic particulate materials, 
particularly organic particulate materials containing the isotropic or mesophase pitch. The most desirable 
material is a thermosetting resin containing an isotropic or mesophase pitch, for example a powdery or 

30 granular material composed of pitch and cured thermosetting resin. The proportion of the pitch in such an 
organic particulate material is about 10 to 75% by weight and preferably about 25 to 60% by weight. 

The particle size of the granular material can be selected according to the desired pore size and is, for 
example, about 0.1 to 500 urn and preferably about 50 to 300 urn. 

The proportion of the organic particulate material can be selected according to the desired porosity and 

35 may for example be generally about 10 to 500 parts by weight and preferably about 25 to 300 parts by 
weight based on 100 parts by weight of the above-mentioned fiber. If the proportion of the organic 
particulate material deviates from the above range, either the porosity or the flexural strength of the porous 
carbonaceous material tends to be sacrificed. 

The above-mentioned random web has a wet-integrated web structure. The term °web structure" as 

40 used herein means a structure comprising a randomly oriented formation of individual fibers, such as 
Japanese paper and other kinds of paper. Such a random web can be obtained by conventional techniques 
such as machine paper-making, suction-webbing, hand paper-making and so on. As to the technology for 
production of a carbon fiber random web, US Patent 4426470 can be mentioned, for instance, in which 
carbon fiber and other materials are dispersed in water and integrated into a sheet. 

45 In the preparation of a slurry, the precursor textile fiber convertible to carbon fiber and/or carbon fiber 
may be beated to provide the short staples. The solids concentration of the slurry can be selected from the 
range not interfering with the formation of a web structure and may for example be about 0.1 to 2% by 
weight. To assure a uniform dispersion of the fiber and thermosetting resin, the slurry may be supplemen- 
ted with a dispersant, stabilizer, viscosity modifier, precipitation inhibitor, etc. Moreover, various other 

so additives such as a thickener, a paper strength improver, a surfactant having flocculant activity, particularly 
a high molecular weight flocculant and a yied enhancer can be employed. The wet random web thus 
formed can be dried by heating at a temperature lower than the curing temperature of the thermosetting 
resin, for example at about 50 to 1 30 • C. 

By th abov w b-forming method, a segregation-fr e homog neous random w b can be obtained 

55 v n by using a fibrous component and a particulat compon nt which cannot be ev nly bl nded by the 
conventional dry mixing method. Moreov r, since the complicated series of st ps inevitabl to dry mixing 
ar not involved, th w b can be asily pr pared. Furth rmor , v n when th web is compr ssion-molded, 
the homogeneity of th structur is well maintained. Ther for , v n when a thermoplastic r sin which 
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softens under h at is used for th organic particulat mat rial, the curling and xpanding of th sh t or th 
porous carbonac ous material, which would occur on molding und r h at and pressure or in sintering or 
calcination (th carbonization or graphitization), due to s gregation of th thermoplastic r sin is remarkably 
inhibited so that the homogeneity of the sheet or th porous carbonaceous material is nhanced. 
5 Moreover, when the web is hot-pressed, a sheet having a high uniformity in composition, density and 
thickness can be obtained even when the thickness is less than 1 mm. 

Particularly because the formulation includes the thermosetting resin, the web functions as a prepreg. 
The web as a prepreg can be taken up in the roll form and fed continuously to the heat-pressure stage. 

Fig. tA, 1B show a flow diagram illustrating the process for producing a porous composite sheet in 
w accordance with this invention. 

In the hot-pressing step (A) of Fig. 1 A, the random web 1 obtained by wet integration in a paper-making 
process is molded or formed under heat and pressure into a sheet form while the curing of the 
thermosetting resin is inhibited. In this embodiment, a plurality of plies of the web 1 are supplied and fed 
between a pair of endless belts 2a, 2b provided with an upstream heating zone and a downstream cooling 
75 zone, while the curing of the resin is inhibited, and continuously molded or formed under heat and pressure 
to produce a sheet 4 containing the uncured thermosetting resin. This sheet 4 constitutes a high-density 
prepreg sheet In the endless-belt processing, either one or more than one ply of web 1 may be 
compressed. 

Rotatively mounted adjacent to the mutually opposed runs of the endless belts 2a, 2b are a plurality of 
20 rollers 3a, 3b which are adapted to maintain the opposed runs of the belts at a predetermined distance from 

each other. Moreover, a heater as a heating means is disposed on the upstream side of the belts and a fan 

as a cooling means is disposed on the downstream side. 

It may be so arranged that in the advancing direction of the web 1 , the clearance between the opposed 

set of rollers is progressively decreased. In this arrangement, as the web 1 is sandwiched and transported 
25 by the pair of endless belts 2a, 2b, it is efficiently compressed into a homogeneous high-density prepreg. 

The heating zone can be set at a temperature which inhibits the curing of the thermosetting resin and, 

yet, melts the resin, for example at about 70 to 170*C, preferably about 100 to 160 *C (e.g. 100 to 150° C), 

and more preferably about 110 to 150° C (e.g. 110 to 140° C). The pressure load to be applied by the belts 

2a, 2b can be judiciously selected, according to the desired density of the high-density prepreg, from the 
so range not adversely affecting the uniformity of prepregs and, thus, may for example be about 2 to 50 

kg/cm 2 , preferably about 3 to 30 kg/cm 2 , and more preferably about 5 to 20 kg/cm 2 . The transport speed of 

the belts 2a, 2b can be selected in consideration of molding efficiency and overall production efficiency. 
By molding the web 1 under heat and pressure in the above manner, a sheet-like prepreg with a high 

density, e.g. about 0.7 to 1 .7 g/cm 3 , preferably about 0.8 to 1 .5 g/cm 3 , and more desirably about 1 .0 to 1 .4 
35 g/cm 3 , can be continuously prepared while the curing of the thermosetting resin is inhibited, thus eliminating 

the need to fill a particulate composition uniformly into a metal mold. The void rate (percentage of void) of 

the resultant prepreg sheet 4 may for example be about 0 to 40%. 

In the hot-pressing step (A), the web 1 can be heated and compressed into a high-density prepreg 

while curing of the thermosetting resin is inhibited when, for example, a mold consisting of flat plate- 
40 configured mold components (members) is employed instead of the pair of endless belts. When a web, or 

two or more plies of the web, is compression-molded using a mold, the heating temperature can be 

selected according to the kind of thermosetting resin and may for example be about 80 to 250 *C, 

preferably about 80 to 200 *C. and more preferably about 90 to 150*C (e.g. about 100 to 150*C). The 

compression pressure may for example be about 10 to 1000 kg/cm 2 and preferably about 50 to 500 kg/cm 2 . 
45 The compression time can be selected according to the temperature and pressure conditions and may in 

many instances be about 5 to 200 seconds and preferably about 10 to 60 seconds. 

In the hot-pressing step (A), the thermosetting resin remains uncured or becomes a B-stage resin. The 

term n B-stage" means an intermediate stage of curing reaction. The B-stage thermosetting resin softens 

under heat but is not melted or fluidized. 
50 When the prepreg sheet 4, in which the thermosetting resin remains uncured, is heated again at a 

temperature over the melting temperature of the resin, the sheet tends to expand as the internal stress is 

released due to melting of the thermosetting resin. Thus, with the melting or softening of the thermosetting 

resin, the fibers bent up in the composite sheet are allowed to extend. 

In th pres nt invention, to obtain a porous com posit sheet by taking advantag of this expansion 
55 force, the pr preg sheet 4 is subjected to an expansion-curing step (B). Thus, the prepreg sh et 4 is 

disposed, leaving a clearance, in a mold having a plurality of molding compartm nts defined by pairs of 

oppos d flat surfaces and heated again at a temperatur ov r th m Iting point of th th rmosetting r sin 

(Fig. 1B). 
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In th illustrated mbodiment, the mold has three molding compartm nts defined by a first to a third 
plate-like mold compon nt (memb r) 5a, 5b, 5c having flat molding surfac s on both sid s and fixed at 
spaced-apart r lation. As shown, a plurality of plies of th pr pr g sh 1 4 ar disposed, leaving a cl aranc 
for ach ply, in th r spective molding compartm nts d fin d by the mold compon nts (m mbers) 5a, 5b f 
5 5c. In this manner more than one plies of prepreg sheet 4 can be expansion-cured completely in one 
operation. 

In the above expansion-curing step (B), the expansion mainly in thickness direction is accompanied by 
the increase in porosity of the prepreg sheet 4 and as each prepreg 4 is brought into intimate contact with 
the molding surface, several plies of the porous composite sheet 6 each having flat, smooth surfaces 
10 complementary to the flat surfaces of the mold components or members 5a, 5b, 5c are obtained. Moreover, 
as the thermosetting resin undergoes curing, a plurality of plies of a well-integrated porous composite sheet 
6 is obtained. 

The heating temperature can be selected according to the melting and curing temperatures of the 
matrix thermosetting resin and is generally about 150 to 250 *C (e.g. 160 to 230 *C) and preferably about 

75 160 to 200 *C. The heating time can also be selected as required and may for example be about 5 to 120 
minutes and preferably about 10 to 60 minutes. The thermal expansion ratio of the prepreg sheet 4 may for 
example be about 1.2 to 5 and preferably about 1.5 to 3. The clearance between the sheet 4 and the 
corresponding mold components 5a, 5b, 5c can be selected according to the expansion ratio and may for 
example be 0.1 to 4 times, preferably 0.3 to 2.5 times of the thickness of the sheet 4. 

20 After trie thermosetting resin has cured completely, the sheet is cooled and taken out from the mold to 
provide the desired porous composite sheet 6. 

Fig. 2 is a flow diagram showing another process for the production of a porous composite sheet 
according to this invention. 

In this embodiment, plies of the prepreg sheet 14 prepared in a hot-pressing step (A) similar to that 

25 described hereinbefore are disposed, leaving a clearance for each, in a mold having a plurality of molding 
compartments each defined by a pair of opposed plate-like mold components, one of which has rib-shaped 
projections 16, and is heated again in situ at a temperature over the melting temperature of the 
thermosetting resin or more. Thus, this mold comprises a first flat plate-like mold component or member 
15a, a second plate-like mold component or member 15c having projections 16 on its side facing the flat- 

30 surfaced plate-like first mold component or member, and a plurality of intermediate mold components or 
members 15b serially disposed at predetermined intervals between the first and second plate-like mold 
components 15a, 15c and one side of each intermediate mold component 15b which faces the first flat- 
faced plate-like mold component 15a is provided with projections 16 while the other side facing the 
projections 16 of the second mold component 15c is flat. In this arrangement, both sides of each 

35 intermediate mold component 15b are utilized for defining molding compartments. These mold components 
are arranged with a predetermined spacing as shown in Fig. 2 and prepreg sheets 14 are disposed in the 
molding compartments. In this arrangement, a plurality of plies of the prepreg sheet 14 can be caused to 
expand and cure completely in one operation. 

In this expansion-curing step (B), the expansion chiefly in thickness direction is accompanied by the 

40 porosity increase of the prepreg sheet 14 and as the sheet 14 is brought into intimate contact with the mold 
surfaces, grooves complementary to the rib-shaped projections 16 of the mold components 15b, 15c are 
formed in the porous composite sheet 17 with good accuracy. Moreover, with the curing of the thermoset- 
ting resin, a plurality of plies of the highly integrated porous composite sheet 17 are obtained. 

The heating temperature, the expansion ratio of the prepreg sheet and the clearance between the mold 

45 component and the prepreg can be selected from the above-mentioned ranges. After the thermosetting 
resin has cured, the sheet is cooled and taken out from the mold, whereby a plurality of plies of the porous 
composite sheet 17 formed with grooves 18 can be obtained. 

To cause prepreg sheets to expand and cure completely in the mold, all that is necessary is to dispose 
the prepregs in the molding compartments, leaving a clearance, and heating the mold at a temperature of 

so the melting temperature of the thermosetting resin or more. In the expansion-curing step (B) illustrated in 
, Fig. 1B the mold may simply have smooth opposed surfaces and depending on uses for the porous 
carbonaceous material, the molding surface may be formed in a curved plane. For the production of a 
sheet-form porous carbonac ous material, the opposed surfaces of th mold are form d in flat planes in 
many instances. In the xpansion-curing st p (B) illustrated in Fig. 2, on of th opposed molding surfaces 

55 may be provided with projections for th formation of grooves or both opposed surfaces may hav 
projections. Furthermor , in th expansion-curing step (B) illustrated in Fig. 1B or that illustrated in Fig. 2, it 
is not necessary to provid a plurality of molding compartments, of cours , and it is not ess ntial, ither, 
that th mold component or m mber is plate-lik . 



9 



EP 0 651 452 A1 



As m ntioned h reinbefor , th prepreg sheet has th property to expand on h ating. Therefore, in a 
further mbodim nt of this invention, the prepreg sheet is simply heated at a temperature of the melting 
point of th thermos tting r sin or mor under no load for xpansion and compl te cur of th resin to 
provid a porous composite sheet. If the prepreg sheet is h ated und r no load for xpansion and cur 
5 without using a mold, the degree of expansion of the prepreg sheet may not be accurately controlled in 
some cases. 

In such cases, the degree of expansion of the prepreg sheet can be controlled by selecting the proper 
temperature to be applied to the web in the hot-pressing step (A). Within the range of conditions which are 
inhibitory to the curing reaction of the thermosetting resin, a relatively higher temperature, for example 100 

w to 280 • C (e.g. 1 50 to 270 • C). preferably 1 70 to 280 • C (e.g. 1 70 to 250 • C, preferably 200 to 250 ° C) and 
more preferably about 200 to 270 * C, and a comparatively short heating time may be selected so that a B- 
stage thermosetting resin, i.e. the thermosetting resin cured to a slight degree, can be produced. Since the 
B-stage thermosetting resin is a resin cured or crosslinked to a limited extent, an excessive expansion of 
the prepreg sheet can be prevented even when the prepreg sheet is softened by reheating at a temperature 

75 over the melting point of the thermosetting resin in the expansion-curing step (B). The heating time In the 
hot-pressing step (A) can be selected according to the heating temperature and, in many instances, may for 
example be about 1 to 5 minutes and preferably about 2 to 3 minutes. 

The resulting sheet-like prepreg may have a bulk density of 0.5 to 1 .5 g/cm 3 (e.g. 0.6 to 1 .0 g/cm 3 ). 
By the above method, a porous composite sheet useful for the production of a porous carbonaceous 

20 material can be easily obtained without use of a metal mold. 

In a still further embodiment of this invention, for the formation of groove-like gas passageways with 
good accuracy, a sheet comprising one or more plies of the web is molded under pressure using a first 
mold having one molding surface formed with groove-like recessions or projections and the resultant ribbed 
prepreg sheet is disposed, leaving a clearance, in a second mold having one surface formed with groove- 

25 like recesses or projections and reheated for expansion and cure of the resin to provide a porous composite 
sheet. 

Prior to the preparation of the ribbed prepreg sheet in the first mold, the web may be press-formed. 
TTius, a sheet obtained by wet-integration in a paper-making process is dried and, without causing the 
thermosetting resin to cure, the web or a plurality of plies of the web are hot-pressed and cooled to provide 

30 a sheet. The hot-pressing temperature for this purpose can be selected according to the type of 
thermosetting resin matrix and is generally about 80 to 250 *C and preferably about 100 to 200 °C (e.g. 100 
to 150*C). The pressure may for example be about 3 to 100 kg/cm 2 , preferably about 3 to 50 kg/cm 2 , and 
more preferably about 3 to 30 kg/cm 2 . The hot-press time is dependent on the temperature and pressure 
used and can be selected from the range of, for example, about 0.5 to 10 minutes or preferably about 1 to 

35 5 minutes. A sheet can be obtained by cooling after hot-pressing. The cooling step can be carried out 
under pressure using a cold press at a temperature of about 10 to 50° C for about 1 to 5 minutes. The 
sheet obtained by the above preliminary molding operation is about 0.5 to 5 mm thick and weighs about 
200 to 3000 g/m 2 in many instances. 

The above sheet is molded into a ribbed prepreg sheet using the first mold. Fig. 3 is a schematic 

40 cross-section view of the first mold. This mold comprises a flat-surfaced lower mold component (member) 
21 and an upper mold component (member) 22 having one molding surface formed with groove-like 
recesses 22a or projections 22b. The above sheet is set between the upper and lower mold components 
21, 22 and heated to soften and fluidize the thermosetting resin and, at the same time, press-formed to 
provide a ribbed prepreg sheet (uncured sheet) . The above press-forming operation can be carried out 

45 under the same conditions as mentioned for the hot-pressing of the web for the preparation of the prepreg 
sheet, namely at a heating temperature of about 80 to 250 *C, preferably about 80 to 200 °C, and more 
preferably about 90 to 150°C (e.g. 100 to 150*C) and a pressure of about 10 to 1000 kg/cm 2 and 
preferably about 50 to 500 kg/cm 2 . The press time may for example be about 5 to 200 seconds and 
preferably about 10 to 60 seconds in many instances. 

so The ribbed prepreg sheet (uncured sheet) thus obtained has the property to expand on heating 
because, as mentioned hereinbefore, the thermosetting resin matrix thereof remains uncured. In the method 
of this invention, in order to obtain uniform porous composite sheets, the ribbed prepreg sheet is disposed, 
leaving a clearance, in a second mold and reheated for xpansion and thermal cure. Fig. 4 is a schematic 
cross-s ction vi w showing th forming process using the second mold. Lik th first mold d scrib d 

55 abov , this s cond mold compris s a flat-surfaced lower mold compon nt 31 and an upper mold 
component 32 having one molding surface formed with groove-like recesses 32a or projections 32b. As 
shown, th ribbed sh et 33 having proj ctions 33a and groove-lik recesses 33b is disposed in th second 
mold and spacers 34 ar disposed at both sides of the lower mold 31 and upper mold 32 to provide for a 
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clearanc betwe n the mold and ribb d prepreg sheet 33. 

The ribs 33a of the ribbed prepreg sheet 33 ar also accommodated, leaving a clearance, in the 
groove-lik rec ss s 32a of the upper mold compon nt 32. Thus, th groove-lik rec sses 32a of the 
s cond mold ar gr ater in width and depth than th groove-lik rec ss s 22a of th first mold. 

As the above mold is reheated at a temperature over the melting temperature of the thermosetting 
resin, the ribbed prepreg sheet 33 is allowed to expand and cure completely. The heating temperature and 
heating time may be similar to those mentioned for the expansion-cure step (B) described hereinbefore. By 
this heat-treatment, an expansion due to resiliency of the carbon fiber is induced to give a ribbed cured 
porous sheet. 

Since, in this process, the porous composite sheet inclusive of its ribs can be uniformly expanded as a 
whole, the density differential between the ribs and remainder of the porous composite sheet is minimized, 
thus offering the advantage that a porous composite sheet and a porous carbonaceous material both having 
a high degree of homogeneity can be obtained. 

The porous composite sheet thus obtained is useful for the production of a porous carbonaceous 
material in the plate form which is light in weight and has high compression modulus and other mechanical 
strength characteristics, high heat conductivity and high gas permeability. The porous composite sheet 
formed with groove-like recesses is useful for the production of certain porous carbonaceous materials such 
as fuel cell electrode materials. Such a porous carbonaceous material can be produced by subjecting the 
porous composite sheet to calcination or firing, such as carbonization or graphitization. 

The calcination temperature is not lower than 800 *C, preferably about 1000 to 3300 'C, more 
preferably about 1500 to 3000 *C. Practically, the range of about 2000 to 3000 *C is used. The calcination is 
performed in vacuo, in an inert gas or carbon monoxide gas or carbon dioxide gas atmosphere. The inert 
gas may for example be nitrogen gas, helium gas or argon gas. 

Since, in this process, the porous composite sheet containing a cured thermosetting resin is carbonized 
or graphitized, the resulting porous carbonaceous material has high compression modulus and other 
mechanical strength characteristics, high gas permeability and good electrical and thermal conductivities 
even if the formed thickness is less than 1 mm. Moreover, when a porous composite sheet formed with 
groove-like recesses is carbonized or graphitized, the cutting of fibers due to machining does not occur so 
that a ribbed porous carbonaceous material having high mechanical strength can be produced. Particularly 
the porous carbonaceous material obtained from the porous composite sheet of pitch-containing formulation 
features excellent thermal conductivity characteristics. In addition, the porous carbonaceous material has a 
homogeneous carbon fiber-reinforced structure. Moreover, the carbon fiber prevents the shrinkage of the 
porous carbonaceous material in plane and thickness directions so that an improved product uniformity can 
be insured. 

The porous carbonaceous material finds application in a broad range of uses such as fuel cells and 
other battery electrode materials, electromagnetic shielding materials, electrically conductive sheets, car- 
bonaceous cushioning materials, high-temperature vacuum furnace refractory wall or insulation wall materi- 
als, and so on. The porous carbonaceous material is of value as the negative and positive electrodes for 
fuel cells such as the phosphoric acid electrolyte fuel cells. 

The typical phosphoric acid electrolyte fuel cell has the construction illustrated in Fig. 5. Thus, this fuel 
cell is a stack of unit cells 46 which are isolated by separators 47a, 47b from each other and each of which 
comprises an electrolyte layer 41 impregnated or saturated with the electrolyte, catalyst-supporting layers 
42a, 42b disposed on respective sides of the electrolyte layer, and a negative electrode 44 and a positive 
electrode 45 as disposed on the catalyst-supporting layers, respectively. The catalyst used for the catalyst- 
supporting layers is a transition metal such as platinum in many instances. The negative electrode 44 and 
positive electrode 45 having groove-like gas passageways 44a, 45b are formed using the ribbed porous 
electrode materials. In the fuel cell illustrated, the gas passageways 44a of the negative electrode 44 are 
supplied with hydrogen gas and the gas passageways 45a of the positive electrode 45 are supplied with 
oxygen. 

When the negative and positive electrodes are constituted using the plate-like porous carbonaceous 
material (e.g. a porous carbonaceous material obtained using a mold having fiat opposed surfaces), the 
groove-like gas passageways may be machine-cut. Since the porous carbonaceous material is homo- 
geneous, such groove-like gas passag ways can be formed by machining with high accuracy. 

Th porous carbonaceous material of this inv ntion is lightw ight and yet has high mechanical str ngth 
characteristics, besid s being very satisfactory in homogen ity, lectrical conductivity, heat conductivity and 
gas permeability. Moreover, with regard to th porous carbonaceous material formed with groove-like gas 
passag ways, th dim nsional accuracy of th gas passag ways is v ry high. Furthermore, th porous 
carbonaceous material obtained using a pitch-containing web is so high in thermal conductivity that it is of 
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great use as the electrod material , for xample the carbon lectrode material for fu I cells. 

According to th process of this invention, a porous composite sheet useful for producing the above- 
describ d porous carbonac ous mat rial can b ffici ntly produced in a simple mann r, namely allowing 
th hot-pr ss d pr pr g sh et to thermally expand. Mor ov r, wh n th prepreg she t is heat-expanded in 
a metal mold, the degree of expansion and degree of porosity gain of the porous composite sheet can be 
easily controlled and the dimensional accuracy can be further improved. In addition, when a metal mold 
having inner projections is used, groove-like gas passageways can be formed with high accuracy by 
utilizing the force of expansion of the prepreg. This means that no subsequent machining is needed. 

In accordance with the production technology of this invention, a porous carbonaceous material having 
the very meritorious characteristics mentioned above can be manufactured with good productivity by 
calcining the porous composite sheet. By the calcination of the porous composite sheet having groove-like 
recesses or projections (ribs), the groove-like gas passageways can be formed with high accuracy and a 
porous carbonaceous material having excellent homogeneity, gas permeability, electrical conductivity, heat 
conductivity and mechanical strength characteristics can be produced with high productivity. 

The following examples are intended to describe the present invention in further detail and should by no 
means be construed as defining the scope of the invention. 

EXAMPLES 

Examples 1 to 15 

Random webs (bulk density 0.05 g/cm 3 ) fabricated using the following materials in the proportions 
indicated in Table 1 and Table 2 were respectively hot-pressed at 140*C to melt the phenolic resin and 
thereby provide prepreg sheets with a thickness of 1 mm and a bulk density of 1 .2 g/cm 3 . 

Carbon fiber: Pitch-based carbon fiber [Donacarbo S-331, manufactured by Donac, Co., Ltd.] 

Rayon fiber: 15 denier x fiber length 3 mm, manufactured by Daiwabo Co., Ltd. 

Acrylic fiber: Pyromex (diameter 12 urn), manufactured by Toho Rayon Co., Ltd. 

Phenolic resin: Bel I pearl S-895, manufactured by Kanebo, Ltd. 

Mesophase pitch powder: Manufactured by Osaka Gas Co., Ltd., softening point 320 * C, crushed to 200 
mesh pass, carbonization yield 80 wt. %. 

Isotropic pitch powder: Manufactured by Osaka Gas Co., Ltd., softening point 285 *C, crushed to 200 
mesh pass, carbonization yield 80 wt. %. 

Organic granular material: A cured unsaturated polyester resin [a cured powder of Polymal 9802 (50 to 
300 urn) manufactured by Takeda chemical Industries, Ltd.]. 

In Example 15, a mixture of the above mesophase pitch 50 percent by weight and unsaturated 
polyester resin 50 percent by weight was cured and, then, crushed to 50 to 300 urn for use as the organic 
granular material. 

Each of the prepreg sheets was disposed in a metal mold comprising of two flat mold components 
leaving a clearance of 1 .8 mm and heated at 1 70 • C for 30 minutes for expansion and complete cure to 
provide a porous sheet. This porous sheet was graphrtized in an inert gas atmosphere at 2400 * C, whereby 
a porous graphitized carbon plate free of curl and strain was obtained. The various characteristics of these 
carbon plates were determined. The results are shown in Tables 1 and 2. 



12 



EP 0 651 452 A1 



E<x> 
to 

X 

u 



rH 

Br- 
X 

w 



rH 

eve 

X 
W 



0) 
■H 

& 

Em 
<d 
x 
w 



0) 

a 
X 



rH 

a 
em 

x 
w 



rH 

x 

Ed 



rH 

I" 

X 



o 
m 



o 
o 



o 
o 



o o 
in o 

CM 



O 



o 
m 

CM 



O 
CM 



O 

o 



o 
o 



o o 
o in 

fH CM 



O 

in 

CM 



O O 

m o 

CM rH 



o 
o 



o o 
o o 



o 
in 



o 
o 

rH 



O 

in 



o 
o 



o 
o 



u 
a> 
.Q 



c 
o 

Si 

u 

to 
o 



u 

0) 
XI 
-H 



*H O -H 



c 
o 
>1 

(0 



x: 
o 

-H 

a 

0) 

03 

<0M 
CUD 

o> 

coo 



o 
c 
d) 

_ . 



o 



u 

•H 

00) 
MTJ 

oo 

coCU 



<d 

rH 

D 
C 
rtJ 
U 

0>H 

OH 
HM 
CO) 

Cnta 
me 
o 



in 



o 



in 
a> 



<x> 



m 

GO 



in 



CM 
CX» 



CO 



CO 
CO 



CO 
CO 



rH CO 



CO 
CO 



CM 

CO 



CO 



o 
o 

CXI 



o 
o 
r- 

CM 



O 
O 

CM 



O 

o 
o 

CM 



O 

o 

GO 



o 
o 

CO 
CO- 



o 
o 

CM 
CO 



o 
o 
in 

CM 



o 

CO 



ID 
CM 



m 

CM 



CM 



in 

CO 



CM 
CO 



in 

CM 



o 
cn 



o 

CO 



o 
in 

CM 



O 
O 
CO 



O 
CM 

CO 



O 
CO 
CM 



O 
CD 



O 



O 
CM 



44N 



<U»M 

cn 



o 

OS 



o 

00 



o 



o 

00 



o 

CXI 



to 

WW 
<Dcn <0P 

"OS 0>H 

rHD> EO 
D~ OE 




13 



EP 0 651 452 A1 



10 



15 



20 



25 



30 



35 



40 



45 



50 



CM 
<D 

<d 
H 



0) 

em 

(OrH 

X 

w 



0) 
rH 

<OrH 



em 

(Or-I 

w 



X 
&3 



OJrH 

X 

DP 



eo 

(DtH 
X 



eo> 

x 
w 



o 
o 



o o o 
i- i co in i 



o 
o 



o 
o 



o 
o 



o o 

I V£> O 



O O 

m m 



o 
o 



o o 

CM CM 



o o o 
o in m 

tH CM 



o 
m 



o 

CM 



U 
a) 



CO 
0) 
U 



o 



0) 

CO 



J3 

o 

4J 



O 

o 



o 
m 



o 
o 



o 

CM 



O 

o 



O 

m 

CM 



C 

<d 
u 

(0 



O -H <on an O-H 



C *H H .CO) O fl) 

OCrHOWOMTjCO) 
.Q O >i G -P* tf-P 

>i M <U (DO OO Cjud 

eo d a a a>eu codi Me 
a m to a e -h o 



ID 

vo 



m 



m 
vd 



ID 
ID 



vd 



m 

VD 



o 

VD 



GO CO 
VD CO 



rH O 
CT> CO 



vd in 

00 CO 



CM CD 
• * 
I— CO 



VD 

VD CO 



• ♦ 

<J\ CO 



tH o 

» • 

O CO 



o 
o 



o 
o 

CM 
CM 



O 
O 
CM 
CM 



O 

o 



o 
o 



CM 



O 
O 
00 



O 
O 

CO 
CM 



CM 
CM 



CM 



in 

CM 



VD 
CM 



O 
CO 



CM 
CM 



CM 



o 

CO 



o 

CO 



o 

CM 
CM 



CM 



O 
VD 
CM 



O 
GO 



O 
CO 



O 
CM 



O 
O 



o 

CM 



O 



o 

CO 



o 




55 Comparativ Examples 1 to 15 

W bs (bulk d nsity 0.05 g/cm 3 ) of th sam formulations as those us d in Exampl s.1 to 15 w r 
r spectiv ly hot-pressed at 170*C for 1 hour to cur completely the phenolic r sin, and th r suiting flat 
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sheets w r graphitized in an inert gas atmosphere at 2400 • C to provid graphitized carbon plat s. The 
charact ristics of those carbon plates were d t rmined. Th r suits ar shown in Tables 3 and 4. 
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Comparison of Tables 1 and 2 with Tabl s 3 and 4 indicat s that the carbon plat s obtained in 
55 Examples 1-15 ar superior to the carbon plat s obtained in Comparative Examples 1-15 in compression 
modulus, gas p rmeability and h at conductivity d spite th ir relatively low bulk d nsity. 
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Exampl 16 

Random webs (bulk d nsity 0.05 g/cm 3 ) comprising a pitch-based carbon fiber [Donacarbo S-331, 
manufactured by Donac, Co., Ltd.; filam nt diam ter of 13 urn] used in Exampl 1 and a phenolic r sin 
[Bellpearl S-895, manufactured by Kanebo, Ltd.) in a ratio of 40/60 (parts by weight) was hot-pressed at 
250 * C for 2 minutes to melt the phenolic resin and thereby provide prepreg sheets with a thickness of 2.3 
mm and a bulk density of 0.67 g/cm 3 . 

The prepreg sheet was reheated at 170°C for 30 minutes under no load for expansion and complete 
cure to provide a porous sheet. The porous sheet was graphitized in an inert gas atmosphere at 2400 * C, 
whereby a porous graphitized carbon plate free of curl and strain was obtained. The various characteristics 
of the carbon plates were determined. The results are shown below. 



Bulk density 


0.62 g/cm 3 


Gas permeability 


1100 ml-mm/cm 2 »hr»mmAq 


Heat conductivity in thickness direction 


4.2 kca!/m*hr«*C 


Flexural strength 


175 kg/cm 2 


Compressive strength 


70 kg/cm 2 


Compressive elastic modulus 


650 kgf/cm 2 


Resistance in thickness direction 


30 mQ*cm 



Example 17 

A carbon plate was prepared in the same manner as in Example 16 except that random webs 
comprising a carbon fiber and a phenolic resin in a ratio of 30/70 (parts by weight) was used. The 
characteristics of the carbon plate is shown below. 



Bulk density 


0.64 g/cm 3 


Gas permeability 


1000 ml • mm/cm 2 - hr« mmAq 


Heat conductivity in thickness direction 


4.0 kcal/m»hr» *C 


Flexural strength 


190 kg/cm 2 


Compressive strength 


75 kg/cm 2 


Compressive elastic modulus 


570 kgf/cm 2 


Resistance in thickness direction 


32 mQ»cm 



Examples 18 to 32 

Random webs (bulk density 0.05 g/cm 3 ) produced using the materials used in Examples 1 to 15 in the 
proportions indicated in Table 5 and Table 6 were respectively hot-pressed at 140" C to melt the phenolic 
resin and thereby provide prepreg sheets with a thickness of 1 mm and a bulk density of 1 .2 g/cm 3 . 

In Example 32, a mixture of the above mesophase pitch (50 % by weight) and unsaturated polyester 
resin (50 % by weight) was cured and, then, crushed to 50 to 300 urn for use as the organic granular 
material. 

Each of the prepreg sheets was disposed in a metal mold consisting of a first flat plate-like mold 
component and a second plate-like mold component having projections (height of projections: 1.5 mm, 
depth of groove: 0.7 mm, and pitch of groove: 1 .0 mm) on its side facing the flat-surface plate-like first mold 
component leaving a clearance of 2 mm and reheated at 170* C for 30 minutes for expansion and complete 
cure to provide a porous sheet. This porous sheet was graphitized in an inert gas atmosphere at 2400 * C, 
whereby a porous graphitized carbon plate free of curl and strain was obtained. The projections of the 
porous graphitized carbon plat wer sliced and the various characteristics of th r suiting carbon plates 
w r d t rmined. Th r suits ar shown in Tabl s 5 and 6. 
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Comparison of TabI s 5 and 6 with Tab) s 3 and 4 indicat s that the carbon plat s obtained in 
55 Examples 18 to 32 ar superior to th carbon plates obtained in Comparative Examples 1 to 15 in gas 
permeability, heat conductivity and mechanical strength. 
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Example 33 

A pitch-bas d carbon fiber having filam nt I ngth of 3 mm [Donacarbo S-331, manufactured by Donac, 
Co., Ltd.; filam nt diameter f 13 urn] used in Exampl 1 and a ph nolic r sin [Bellpearl S-895, 
s manufactured by Kanebo, Ltd.] were dispersed in a ratio of 40/60 (parts by weight) in water according to US 
Patent 4,426,470 to give an aqueous slurry. By use of the slurry, a carbon fiber-reinforced integrated web 
sheet (weight 400 g/m 2 ) containing 40 % by weight of carbon fiber was obtained by paper-making 
technology. 

The resulting integrated random webs (5 plies) were accumulated with a continuous double belts 

io laminator described in US Patent 3,148,269 and, after hot-pressing at 125 *C for 2 minutes under a 
pressure of about 2000 KPa, the laminated sheet was cooled at 40* C for 2 minutes under pressure to 
provide a prepreg sheet having a thickness of 3.1 mm (bulk density 0.65 g/cm 3 ). 

The prepreg sheet was disposed in a first mold comprising a flat-surfaced lower mold component and 
an upper mold component having one molding surface formed with groove-like recesses and projections 

75 (width of rib = 1.5 mm, width of groove = 1.5 mm, height of rib = 1.1 mm, depth of groove = 0.5 mm, 
size = 170 mm X 170 mm) and hot-pressed at 90 *C for 30 seconds under pressure of 100 kg/cm 2 to 
provide a ribbed prepreg sheet (density of rib portion: 1.2 g/cm 3 , density of non-rib portion: 1.4 g/cm 3 ). 

The ribbed prepreg sheet was disposed in a second mold comprising a flat-surfaced lower mold 
component and an upper mold component having one molding surface formed with groove-like recesses 

20 and projections (width of rib = 1.4 mm, width of groove = 1.4 mm, height of rib = 2.0 mm) with use of 
spacers having thickness of 1.75 mm which were interposed between the lower mold component and the 
upper mold component and reheated at 170 *C for 40 minutes in an hot air-cycling oven and cooled to 
room temperature to give a ribbed and cured porous composite sheet (density of rib portion: 0.65 g/cm 3 , 
density of non-ribbed portion: 0.68 g/cm 3 ). 

25 After carbonization at 900 * C in a vacuum furnace, the porous composite sheet was graphitized in an 
inert gas atmosphere at 2700 'C, whereby a porous graphitized carbon plate free of curl and strain was 
obtained. The projections of the porous graphitized carbon plate were sliced and the various characteristics 
of the resulting carbon plates were determined. The results are shown below. 



Bulk density 


0.68 g/cm 3 


Gas permeability 


1000 ml -mm/cm 2 * hr«mmAq 


Heat conductivity in thickness direction 


3.6 kcal/nrrhr* *C 


Flexural strength 


190 kg/cm 2 


Compressive strength 


65 kg/cm 2 


Compressive elastic modulus 


600 kgf/cm 2 


Resistance in thickness direction 


28 m0*cm 


Porosity 


65% 



40 

Example 34 

A pitch-based carbon fiber having a mean filament length of 3 mm [Kureca C-103S, manufactured by 
Kureha Chemical Industry Co., Ltd.; filament diameter of 14.5 urn] and a phenolic resin (Bellpearl S-895, 
45 manufactured by Kanebo, Ltd.] was dispersed in a ratio of 30/70 (parts by weight) in water according to US 
Patent 4,426,470 to give an aqueous slurry. By use of the slurry, a carbon fiber-reinforced integrated web 
sheet (weight 400 g/m 2 ) containing 30 % by weight of carbon fiber was obtained by paper-making 
technology. 

The resulting integrated random webs (6 plies) were accumulated with a continuous double belts 
so laminator described in US Patent 3,148,269 and, after hot-pressing at 125*C for 2 minutes under a 
pressure of about 2000 KPa, the laminated sheet was cooled at 35* C for 3 minutes under pressure to 
provide a prepreg sheet having a thickness of 2.7 mm (bulk density 0.88 g/cm 3 ). 

The prepreg sheet was disposed in a first mold as used in Example 33 and hot-pr ssed at 80 *C for 30 
s conds und r pr ssure of 200 kg/cm 2 to provid a ribbed pr preg sh t (density of rib portion: 1.1 g/cm 3 , 
55 density of non-rib portion: 1 .2 g/cm 3 ). Th ribbed prepreg sheet was dispos d in a second mold as used in 
Example 33 with use of spacers having thickn ss of 1.80 mm and reheated at 170* C for 40 minut s in an 
hot air-cycling oven and cooled to room t mperatur to giv a ribbed and cured porous composit sh t 
(density of rib portion: 0.63 g/cm 3 , density of non-ribbed portion: 0.64 g/cm 3 ). 
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After carbonization at 1000*C in nitrog n atmospher , the porous composite sh t was graphitized in 
an inert gas atmosph r at 2800 • C, whereby a porous graphitized carbon plate free of curl and strain was 
obtain d. Th proj ctions of th porous graphitiz d carbon plat w r slic d and th various charact ristics 
of th r suiting carbon plat s wer d t rmined. The r suits ar shown below. 

5 



Bulk density 


0.64 g/cm 3 


Gas permeability 


1000 ml • mm/cm 2 •hr-mmAq 


Heat conductivity in thickness direction 


2.8 kcal/rrrhf *C 


Flexural strength 


230 kg/cm 2 


Compressive strength 


60 kg/cm 2 


Compressive elastic modulus 


580 kgf/cm 2 


Resistance in thickness direction 


35 modern 


Porosity 


69% 



15 

Claims 

1. A porous carbonaceous material having a compression modulus of not less than 5.0 kgf/mm 2 , a heat 
20 conductivity in thickness direction of not less than 2.0 kcal/m*hr* *C, a gas permeability of not less 

than 850 ml«mm/hr«cm 2 «mmAq, and a bulk density of 0.55 to 0.75 g/cm 3 . 

2. The porous carbonaceous material according to claim 1 which has a flexural strength of not less than 
1 30 kg/cm 2 and a compressive strength of not less than 50 kg/cm 2 . 

25 

3. The porous carbonaceous material according to claim 1 or 2 which has an electrical resistivity in 
thickness direction of 10 to 40 mQ*cm. 

4. The porous carbonaceous material according to any of claims 1 to 3, which has a compression 
30 modulus of not less than 6.0 kgf/mm 2 , a heat conductivity in thickness direction of 3.0 to 10.0 

kcal/m»hr» *C, a gas permeability of 1000 to 4000 ml-mm/hr*cm 2 »mmAq, and a bulk density of 0.6 to 
0.7 g/cm 3 . 

5. A process for producing a porous composite sheet which comprises hot-pressing a random web 
35 comprising a precursor fiber convertible to carbon fiber and/or a carbon fiber and a carbonizable or 

graphitizable thermosetting resin white curing of said resin is inhibited to provide a prepreg sheet and 
heating said prepreg sheet at a temperature of the melting point of said thermosetting resin or more for 
expansion and complete cure of said resin. 

40 6. The process for producing a porous composite sheet as claimed in claim 5, wherein one or more plies 
of said web is hot-pressed at a temperature of 70 to 280 *C under pressure without complete curing of 
said resin to provide a prepreg sheet and the resulting prepreg sheet is heated again at a temperature 
of 150 to 250 • C for expansion and complete cure of said resin. 

45 7. The process for producing a porous composite sheet as claimed in claim 5 or 6, wherein said hot- 
pressing of a web into a sheet is carried out using a pair of endless belts. 

a The process for producing a porous composite sheet as claimed in any of claims 5 to 7, wherein said 
hot-pressing of a web into a sheet is performed at a temperature of 70 to 170*C and a pressure of 2 to 
50 50 kg/cm 2 to provide a prepreg sheet having a bulk density of 0.8 to 1 .5 g/cm 3 . 

9. The process for producing a porous composite sheet as claimed in any of claims 5 to 8, wherein said 
hot-pressing of a web into a sheet is carried out at 170 to 250* C and a pressure of 2 to 50 kg/cm 2 to 
provid a pr pr g sheet having a bulk d nsity of 0.6 to 1.0 g/cm 3 . 

55 

10. Th process for producing a porous composit sheet as claimed in any of claims 5 to 9, wherein said 
pr preg sh t is disposed in a mold, I aving a clearanc , and h ated at a t mp ratur ov r th m Iting 
point of said thermosetting r sin for xpansion and complet cur of the r sin. 
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11. The process for producing a porous composit she t as claimed in any of claims 5 to 10, wherein said 
prepeg sheet is disposed, leaving a cl aranc , in a mold having flat opposed molding surfaces and 
heated at 150 to 250 *C for xpansion and cur of said r sin. 

5 12. The process for producing a porous composite sheet as claimed in any of claims 5 to 11, wherein said 
prepreg sheet is disposed, leaving a clearance, in a mold comprising at least one pair of opposed 
surfaces defining a molding compartment, at least one of said opposed surfaces being provided with a 
plurality of rib-shaped projections, and heated at 150 to 250 °C for expansion and complete cure of said 
resin. 

70 

13. A process for producing a porous composite sheet which comprises hot-pressing one or more plies of 
a web wherein a prepreg sheet is disposed in a first mold comprising at least one pair of opposed 
surfaces defining a molding compartment, at least one of said opposed surfaces being provided with 
grooves, under heating at 80 to 200 *C to provide a ribbed sheet and disposing said ribbed sheet, 
75 leaving a clearance, in a second mold comprising at least one pair of opposed surfaces defining a 
molding compartment, at least one of said opposed surfaces being provided with grooves larger than 
the grooves of said first mold, and heating said ribbed sheet at a temperature of 150 to 250 *C for 
expansion and complete cure of said resin. 

20 14. The process for producing a porous composite sheet as claimed in any of cairns 5 to 13, wherein said 
prepreg sheet is disposed in said mold, leaving a clearance corresponding to 0.1 to 4 times the 
thickness of said sheet. 

15. The process for producing a porous composite sheet as claimed in any of claims 5 to 14, wherein said 
25 prepreg sheet in said mold is heated at 150 to 250* C for expansion and complete cure of the resin. 

16. The process for producing a porous composite sheet as claimed in any of claims 5 to 15, wherein said 
web contains at least the carbon fiber of said precursor fiber convertible to carbon fiber and carbon 
fiber. 

30 

17. The process for producing a porous composite sheet as claimed in any of claims 5 to 16, wherein said 
web contains said precursor fiber convertible to carbon fiber and carbon fiber in a ratio of 10/90 to 
90/10 (% by weight). 

35 18. The process for producing a porous composite sheet as claimed in any of claims 5 to 17, wherein said 
thermosetting resin is a resin having a carbonization yield of 40 to 75 % by weight 

19. TTie process for producing a porous composite sheet as claimed in any of claims 5 to 18, wherein said 
thermosetting resin is a phenolic resin. 

40 

20. The process for producing a porous composite sheet as claimed in any of claims 5 to 19, wherein said 
web to be hot-pressed comprises a precursor fiber convertible to carbon fiber and/or a carbon fiber, a 
thermosetting resin with a carbonization yield of 40 to 75 weight %, and a pitch. 

45 21. The process for producing a porous composite sheet as claimed in any of claims 5 to 20, wherein said 
web to be hot-pressed comprises 10 to 300 parts by weight of a thermosetting resin and 10 to 300 
parts by weight of a pitch relative to 100 parts by weight of the fiber. 

22. The process for producing a porous composite sheet as claimed in claim 20 or 21, wherein the pitch 
so component of said web to be hot-pressed has a softening point of 150 to 400 " C. 

23. The process for producing a porous composite sheet as claimed in any of claims 5 to 22, wherein said 
web to be hot-pressed further contains an organic granular materia! as a pore-forming agent. 

55 24. Th process for producing a porous composit sheet as claimed in claim 23, wh rein the organic 
granular mat rial contained in th w b to be hot-pr ssed is a cured th rmosetting resin. 
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25. The process for producing a porous composit sheet as claimed in any of claims 23 to 25, wh rein a 
web containing an organic granular mat rial composed of a pitch and a r sin with a carbonization yield 
of not gr ater than 30% by w ight is hot-pr ssed. 

5 26. The process for producing a porous composite sheet as claimed in claim 25, wherein the amount of the 
pitch based on the whole organic granular material is 1 0 to 75% by weight. 

27. The process for producing a porous composite sheet as claimed in any of claims 23 to 26, wherein a 
web containing 10 to 500 parts by weight of said organic granular material relative to 100 parts by 
io weight of the fiber is hot-pressed. 

2a A process for producing a porous composite sheet as claimed in any of claims 5 to 27, which 
comprises a prepreg-forming step of hot-pressing a web including a fiber component comprising at 
least the carbon fiber of said precursor fiber convertible to carbon fiber and said carbon fiber and, 

75 based on 100 parts by weight of said fiber component, 20 to 250 parts by weight of a carbonizable or 
graphitizable thermosetting resin, 0 to 250 parts by weight of a pitch having a softening point of 200 to 
400 *C and 0 to 300 parts by weight of an organic granular material as a pore-forming agent using a 
pair of endless belts at a temperature of 70 to 280 *C to provide a prepreg sheet, and an expansion- 
curing step of heating said prepreg sheet at a temperature of 150 to 250 *C for expansion and 

20 complete cure of the resin. 

29. The process for producing a porous composite sheet as claimed in claim 28, wherein the hot-pressing 
of the web is carried out at 170 to 280 *C in the prepreg-forming step to inhibit curing of said 
thermosetting resin and the prepreg sheet thus obtained is heated at 1 50 to 250 ' C under no load for 

25 expansion and complete cure of the resin in the expansion-curing step. 

30. The process for producing a porous composite sheet as claimed in claim 28 or 29, wherein the hot- 
pressing of said web in the hot-pressing step is carried out using a metal mold optionally having 
groove-like recesses on one of its molding surfaces at a temperature of 80 to 200 ° C and a pressure of 

30 2 to 1000 kg/cm 2 while curing of the thermosetting resin is inhibited and the expansion and cure of the 
resulting prepreg sheet in the expansion-curing step is earned out by disposing said sheet, leaving a 
clearance, in a metal mold optionally having groove-shaped recesses on one of its molding surfaces 
and heating the sheet at a temperature of 150 to 250* C for expansion and complete cure of the resin. 

35 31. A process of producing a porous carbonaceous material which comprises hot-pressing of at least one 
random web comprising a precursor fiber convertible to carbon fiber and/or a carbon fiber and a 
carbonizable or graphitizable thermosetting resin while curing of said resin is inhibited to provide a 
prepreg sheet, heating the prepreg sheet at a temperature over the melting temperature of said resin 
for expansion and complete cure of the resin, and either carbonizing or graphitizing the resultant porous 

40 composite sheet. 

32. The process for producing a porous carbonaceous material as claimed in claim 31 wherein said porous 
composite sheet is calcined at a temperature of 1000 to 3300 *C. 

45 33. A process for manufacturing a porous carbonaceous material which comprises a step of hot-pressing at 
least one ply of a random web comprising a fiber component composed of a precursor fiber convertible 
to carbon fiber and/or a carbon fiber and, based on 100 parts by weight of said fiber component, 15 to 
275 parts by weight of a carbonizable or graphitizable thermosetting resin with a carbonization yield of 
50 to 75% by weight, 0 to 250 parts by weight of a pitch with a carbonization yield of not less than 

so 50% by weight, and 0 to 250 parts by weight of an organic granular material with a mean particle 
diameter of 0.1 to 500 urn while curing of said thermosetting resin is inhibited to provide a prepreg 
sheet, a step of heating said prepreg sheet at a temperature over the melting temperature of said resin 
for xpansion and complet cur of th r sin, and a step of carbonizing or graphitizing th resultant 
porous composit sheet. 

55 

34. The us of th porous carbonac ous material claimed in any of claims 1 to 4, as a fu I cell electrode. 
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FIG. 3 



22a 22b 22 




21 



FIG. 4 
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FIG. 5 
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